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PHASE CHANGE MEMORY DEVICE AND
METHOD OF OPERATING THE SAME

BACKGROUND OF THE DISCLOSURE

This application claims the benefit of Korean Patent
Application No. 10-2004-0086539, filed on Oct. 28, 2004, in
the Korean Intellectual Property Oflice, the disclosure of
which 1s incorporated herein in 1ts entirety by reference.

1. Field of the Disclosure

Embodiments of the present disclosure may include a
non-volatile semiconductor memory device, and more par-
ticularly, a phase change memory device and a method of
operating the same.

2. Description of the Related Art

Semiconductor memory devices are categorized into
volatile memory devices and non-volatile memory (NVM)
devices. Volatile memory devices, such as DRAMSs, are used
in, for example, computers to store and process data 1 a
short time when power 1s supplied.

However, as demand for mobile phones and digital cam-
eras increases, the demand for non-volatile memory devices
increases due to their advantages over DRAMs. For
example, non-volatile devices can process data in a short
time, and store date even when power 1s no longer supplied.

Examples of non-volatile memory devices include tlash
memory devices, which include a stacked gate to retain
clectric charges. In such flash memory devices, electric
charges are stored 1n or removed from a floating gate by
tunneling via an insulator or by hot-carrier injection. How-
ever, when flash memory devices are repeatedly used, 1nsu-
lating characteristics of the mnsulator for tunneling deterio-
rate. As a result, the lifetime of a flash memory decreases.

In response to the above-mentioned problem, non-volatile
memory devices have been developed to replace flash
memory devices having stacked gates. For example, phase
change memories or phase change RAMs (PRAMSs) 1n
which a change 1n resistivity due to phase change 1s used has
been developed. A conventional phase change memory will
now be described with reference to drawings.

FIG. 1 1s an equivalent circuit diagram of a portion of a
cell array of a conventional phase change memory device.

Referring to FIG. 1, each unit cell of the conventional
phase change memory device includes an access transistor
10 and a phase change resistor 12. The access transistors 10
are connected to bit lines BLL1 and BL.2. Therefore, when the
access transistors 10 are turned on, a working voltage 1s
applied to the phase change resistors 12 via the bit lines BLL1
and BL2.

Signals received by gates of the access transistors 10 from
the word lines WL1 and WL2 turn the access transistors 10
on and off. As 1s shown 1n FIG. 1, the unit cells are arranged
in a matrix composed of rows and columns. In this case, the
word lines WL1 and WL2 form rows, and the bit lines BL.1
and BL2 form columns. Therefore, a unit cell can be selected
by selecting a word line and a bit line. Further, program-
ming, reading, or erasing can be performed 1n the selected
unit cell.

FIG. 2 1s a graph illustrating a method of operating a
conventional phase change memory device.

Referring to FI1G. 2, a heat treatment 17 for programming,
a phase change memory device and a heat treatment 15 for
crasing the phase change memory device are illustrated.
When the phase change resistor 12 1s heated to a temperature
greater than its melting point (Im) 1n a predetermined
amount of time T1 and then 1s cooled down 1n a short time,
the phase change resistor 12 transforms ito an amorphous
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state. When the phase change resistor 12 1s heated to a
temperature between a crystallization temperature Ic and a
meting point Tm 1n a predetermined amount of time T1, 1s
maintained at the same 1n a predetermined amount of time
12, and then cooled down, the phase change resistor 12 1s
crystallized. In a conventional phase change memory device,
the phase change resistor 12 1s resistively heated by provid-
ing a current to both ends of the phase change resistor 12.
Theretfore, heat required for phase change 1s obtained.

The resistivity of the phase change resistor 12 varies
according to whether the phase change resistor 12 1s 1n a
crystalline state or an amorphous state. In detail, the phase
change resistor 12 has greater resistivity when it 1s 1n an
amorphous state than when 1t 1s in a crystalline state.
Therefore, data can be read in logic “0” or logic “1” by
detecting current flowing through the phase change resistor
12 when a predetermined voltage applied. That 1s, data can
be stored 1 a digital form, that 1s, logic “0” or logic “1”
without the accumulation of electric charges, which 1s
required for DRAMSs or flash memory devices.

However, as 1s shown 1n FIG. 2, the erasing and program-
ming ol a phase change memory device require a high
current for heating at a high temperature. Particularly, quick
operation requires quick heating. Due to such a time limut,
a high current must be provided to the phase change resistor
12 1n a short time.

To increase the current tlown to the phase change resistor
12, a high voltage must be applied to the bit lines BL1 and
BL2. However, when the voltage of the bit lines BLL1 and
BL2 increases, a gate length of the access transistor 10 must
also be 1increased to prevent problems, such as punch-
through. Therefore, a conventional phase change memory
device cannot be easily integrated due to the difliculty 1n
reducing the size of the access transistor 10.

SUMMARY OF THE DISCLOSURE

Embodiments of the present disclosure may provide a
phase change memory device with high reliability and high
integrity.

Embodiments of the present disclosure may also provide
a method of operating the phase change memory device.

According to an aspect of the present disclosure, there
may be provided a phase change memory device including;:
a plurality of unit cells arranged i a matrix composed of
rows and columns, a plurality of program bit lines and read
bit lines arranged 1n rows, and a plurality of program word
lines and read word lines arranged in columns.

Each of the unit cells may include a phase change resistor,
and an exothermal resistor used to heat the phase change
resistor. Each of the unit cells may further include a heat-
conducting insulator that electrically insulates the phase
change resistor from the exothermal resistor and has thermal
conductivity so that heat generated by the exothermal resis-
tor 1s transierred to the phase change resistor.

The program bit lines may be connected to first ends of
the exothermal resistors of the unit cells along rows, and
cach may include a selection transistor at one end. The
program word lines are connected to the other ends of the
exothermal resistors of the unit cells along columns, and
cach may include a selection transistor at one end.

The read bit lines may be connected to first ends of the
phase change resistors of the unit cells along rows, and each
may include a selection transistor at one end. The read word
lines may be connected to the other ends of the phase change
resistors of the unit cells along columns, and each may
include a selection transistor at one end.
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Further, a program voltage or an erase voltage may be
applied to one end of each of the program bit lines and a read
voltage may be applied to one end of each of the read bit
lines. The one end of the program word lines and the one end
of the read word lines may be grounded. The phase change

resistor may be composed of a compound containing Ge, Te
and Sb.

According to another aspect of the present disclosure,
there may be provided a phase change memory device
including: a unit cell comprising a phase change resistor; an
exothermal resistor used to heat the phase change resistor;
and a heat-conducting insulator electrically insulating the
phase change resistor from the exothermal resistor and
having thermal conductivity; a pair of program lines respec-
tively connected to the both ends of the exothermal resistor
of the unit cell, each of the program lines comprising a
selection transistor for selecting the exothermal resistor; and
a pair of read lines respectively connected to the both ends
of the phase change resistor, each of the read lines compris-
ing a selection transistor for selecting the phase change
resistor.

The umit cell may further include a heat-conducting
insulator which electrically msulates the phase change resis-
tor from the exothermal resistor and has thermal conductiv-
ity so that heat generated by the exothermal resistor is
transierred to the phase change resistor. The heat-conducting,
insulator may be composed of an aluminium nitride (AIN).

According to still another aspect of the present invention,
there may be provided a method of operating the phase
change memory device, the method including programming,
reading and erasing operations.

The programming of one of the unit cells may include:
applying a program voltage to one end of the exothermal
resistor of the one of the unit cells; and connecting the other
end of the exothermal resistor of the one of the unit cells to
a ground unait.

The reading one of the unit cells may include: applying a
read voltage to one end of the phase change resistor of the
one of the unit cells; and connecting the other end of the
phase change resistor of the one of the unit cells to a ground
unit.

The erasing one of the unit cells may include: applying an
erase voltage to one end of the exothermal resistor of the one
of the unit cells; and connecting the other end of the
exothermal resistor of the one of the unit cells to a ground
unit.

The programming of the one of the umt cells may further
include: turming on the first row selection transistor of the
program bit line connected to the one of the umt cells; and
turning on the first column selection transistor of the pro-
gram word line connected to the one of the unit cells.

The reading of the one of the unit cells may further
include: turning on the second row selection transistor of the
read bit line connected to the one of the unit cells; and
turning on the first column selection transistor of the read
word line connected to the one of the unit cells.

The erasing of the one of the unit cells may further
include: turning on the first row selection transistor of the
program bit line connected to the one of the unit cells; and
turning on the first column selection transistor of the pro-
gram word line connected to the one of the unit cells.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the
embodiments of the present disclosure will become more
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apparent by describing in detail exemplary embodiments
thereof with reference to the attached drawings in which:

FIG. 1 1s an equivalent circuit diagram of a portion of a
cell array of a conventional phase change memory device;

FIG. 2 1s a graph illustrating a method of operating a
conventional phase change memory device;

FIG. 3 1s an equivalent circuit diagram of a portion of a
cell array of a phase change memory device according to an
embodiment of the present disclosure; and

FIG. 4 1s a perspective view of a unit cell of the phase
change memory device shown 1n FIG. 3.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE DISCLOSURE

Embodiments of the present invention will now be
described more fully with reference to the accompanying
drawings, 1n which exemplary embodiments of the disclo-
sure are shown. The mvention may, however, be embodied
in many different forms and should not be construed as being
limited to the embodiments set forth herein. In the drawings,
clements are exaggerated for clarity.

FIG. 3 1s an equivalent circuit diagram of a portion of a
cell array of a phase change memory device according to an
embodiment of the present disclosure.

Referring to FIG. 3, the cell array may include a plurality
of umt cells C arranged 1n a matrix composed of rows and
columns; a plurality of program bit lines 21, 22, 23, and 24
and a plurality of read bat lines 31, 32, 33 and 34 extending
along rows; and a plurality of read word lines 41, 42 and 43
and a plurality of program word lines 351, 52 and 53
extending along columns.

In this case, the number of the unmit cells C, and the
numbers of the program bit lines 21, 22, 23 and 24, the read
bit lines 31, 32, 33 and 34, the read word lines 41, 42 and
43, and the program word lines 51, 52 and 33 connected to
the unit cells C may vary according to a memory capacity.

Each of the unit cells C may include a phase change
resistor 80 and an exothermal resistor 835. The exothermal
resistor 85 may function as a heat supplier to provide heat to
the phase change resistor 80. The umt cell C will now be
described in further detail.

FIG. 4 1s a perspective view of one of the unit cells C of
the phase change memory device shown in FIG. 3.

Retferring to FIG. 4, the exothermal resistor 85 may be
connected to a program bit line 21 and a program word line
51. The exothermal resistor 85 may be resistivity-heated by
a current which flows from the program bit line 21 to the
program word line 51. The exothermal resistor 85 may be
composed ol a metal which has a high melting point and can
discharge a large amount of thermal energy. For example,
the exothermal resistor 85 may be composed of tungsten
(W). The exothermal resistor 85 may be heated to perform
programming or erasing operation, which will be described
later.

In addition, the ends of the phase change resistor 80 may
be connected to the read bit line 31 and the read word line
41 through a connection pad 92. The connection pad 92 may
be a metal pad. The phase change resistor 80 may be
composed of a material having two stable states having
different electrical resistivities. In detail, the phase change
resistor 80 may be composed of a compound containing Ge,
Te and Sb. Hereinafter, the compound containing Ge, Te and

Sb will be referred to as GST.

As described with reference to FIG. 2, the phase change
resistor 80, preferably composed of GST, may be 1 an
amorphous state or a crystalline state at room temperature
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according to a heat treatment performed thereon. Amor-
phous GST has higher resistivity than crystalline GST.
Therefore, a current flowing through the phase change
transistor will vary according to the state of the phase change
resistor 80. Since there may be two states, the current
flowing through the phase change resistor 80 may represent
two diflerent values, thus enabling digital storage of logic
“0” and logic 17

For example, the crystalline state of the phase change
resistor 80 may be a program state indicating “1”°, and the
amorphous state of the phase change resistor 80 may be an
crase state indicating “0”. An erase voltage by which the
phase change resistor 80 may be transformed 1nto an amor-
phous state that may be higher than a program voltage.
Whether the phase change resistor 80 may be 1n the program
state or the erase state 1s determined by a current flowing
through the phase change resistor 80, that 1s, a current
flowing from the read bit line 31 to the read word line 41.

Referring to FIG. 4, a heat-conducting insulator 90 may
turther formed between the exothermal resistor 85 and the
phase change resistor 80. The exothermal resistor 85 may be
insulated from the phase change resistor 80 by the heat-
conducting 1nsulator 90. Therefore, the programming and
erasing operations through the exothermal resistor 85 may
be separated from the reading operation through the phase
change resistor 80, which will be described later.

In addition, the heat-conducting insulator 90 may have
high thermal conductivity such that heat generated by resis-
tivity-heating the exothermal resistor 85 may be transierred
to the phase change resistor 80. For example, the heat-
conducting insulator 90 may be composed of an aluminium
nitride (AIN).

The connections of a unit cell array will now be described
with reference to FIG. 3. Referring to FIG. 3, the program
bit lines 21, 22, 23 and 24 may be connected to first ends of
the exothermal resistors 85 of the unit cells C along rows. A
row selection transistor 60 may be formed at one end of each
of the program bit lines 21, 22, 23 and 24 in order to select
a row.

The program word lines 51, 52 and 53 may be connected
to the other ends of the exothermal resistors 835 of the unit
cells C along columns. A column selection transistor 75 may
be formed at one end of each of the program word lines 51,
52 and 33 in order to select a column.

Therefore, one of the unit cells C can be selected by
turning on the row selection transistors 60 connected to the
program bit line 21, 22, 23 or 24 connected to the selected
unit cell C and the column selection transistor 75 connected
to the program word line 51, 52 or 53 connected to the
selected unit cell C.

In other words, one of the specific unit cells C may be
selected by selecting a program bit line and a program word
line. For example, the unit cell C arranged 1n a first row and
in a first column may be selected by turning on the row
selection transistor 60 connected to the program bit line 21
and turning on the column selection transistor 75 connected
to the program word line 51.

After selecting one of the unit cells C, the exothermal
resistor 85 may be heated by applying the program or erase
voltage to one end of the program bit lines 21, 22, 23 and 24
and connecting the program word lines 51, 52 and 33 to a
ground unit. Therefore, the phase change resistor 80 may be
heated by heat conducted from the exothermal resistor 85,
and, as shown i FIG. 2, the programming or erasing
operation may be performed one of heat treatments 15 and

17.
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Alternatively, the program or erase voltage may be
applied to the program word lines 51, 52 and 53, and the
program bit lines 21, 22, 23 and 24 may be connected to the
ground unit.

The read bit lines 31, 32, 33 and 34 may be connected to
first ends of the phase change resistors 80 of the unit cells C
along rows. A row selection transistor 65 may be formed at
one end of each of the read bit lines 31, 32, 33 and 34 i1n
order to select a row.

The read word lines 41, 42 and 43 may be connected to
the other ends of the phase change resistors 80 of the umit
cells C along columns. A column selection transistor 70 may
be formed at one end of each of the read word lines 41, 42
and 43 1n order to select a column.

Therefore, as 1s described with the programming opera-
tion, one of the unit cells C may be selected by turning on
the row selection transistor 65 connected to the read bit line
31. 32, 33 or 34 connected to the selected unit cell C and the
column selection transistor 70 connected to the read word
line 41, 42 or 43 connected to the selected unit cell C.

After selecting one of the umit cells, the resistivity of the
phase change resistor 80 of the selected unit cell C may be
determined by applying a read voltage to one end of the read
bit lines 31, 32, 33 and 34 and connecting the read word lines
41, 42 and 43 to a ground unit and reading the resulting
current. Since the resistance indicates whether the phase
change resistor 80 1s 1n a crystalline state or an amorphous
state, the stored date can be read.

Alternatively, the read voltage can be applied to the read
word lines 41, 42 and 43, and the read bit lines 31, 32, 33
and 34 may be connected to the ground unit.

As 1s mentioned above, a unit cell C of the phase memory
device according to the present embodiment does not
include a selection transistor, and can be operated by only
the selection transistors 60, 65, 70 75 formed at one end of
a row or a column. Therefore, the number of transistors of
the phase change memory device according to the present
embodiment may be decreased relative to a conventional
phase change memory device having the same memory
capacity.

In addition, conventionally, it may be very dificult to
reduce the size of a unit cell because the size of a transistor
included in the unit cell cannot be reduced. Therefore, a
conventional phase change memory device cannot provide
high integrity. On the other hand, the size of a unit cell C
according to an embodiment of the present disclosure can be
substantially reduced because the unit cell C does not
include a transistor. In this case, row or column selection
transistors 60, 65, 70 and 75 are highly reliable by retaining
a suflicient gate length suitable for preventing punch-
through characteristics. Therefore, a phase change memory
device according to an embodiment of the present invention
may have high reliability and high integrity.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereof, 1t will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What 1s claimed 1s:

1. A phase change memory device comprising:

a plurality of unit cells arranged 1n a matrix composed of
rows and columns on a semiconductor substrate, each
of the unit cells comprising a phase change resistor and
an exothermal resistor used to heat the phase change
resistor:
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a plurality of program bit lines connected to first ends of
the exothermal resistors of the unit cells along rows,
cach of the program bit lines comprising a first row
selection transistor at one end;

a plurality of program word lines connected to the other
ends of the exothermal resistors of the unit cells along
columns, each of the program word lines comprising a
first column selection transistor at one end:;

a plurality of read bit lines connected to first ends of the
phase change resistors of the unit cells along rows, each
of the read bit lines comprising a second row selection
transistor at one end; and

a plurality of read word lines connected to the other ends
of the phase change resistors of the unit cells along
columns, each of the read word lines comprising a
second column selection transistor at one end.

2. The phase change memory device of claim 1, wherein
cach of the umit cells further includes a heat-conducting
insulator which electrically msulates the phase change resis-
tor from the exothermal resistor and has thermal conductiv-
ity so that heat generated by the exothermal resistor is
transierred to the phase change resistor.

3. The phase change memory device of claim 2, wherein
the heat-conducting insulator comprises an aluminium
nitride (AIN).

4. The phase change memory device of claim 1, wherein
a program voltage or an erase voltage 1s applied to first ends
of the program bit lines and a read voltage 1s applied to first
ends of the read bit lines.

5. The phase change memory device of claim 4, wherein
the first ends of the program bit lines and the first ends of the
read word lines are grounded.

6. The phase change memory device of claim 1, wherein
the phase change resistor comprises a compound containing,
Ge, Te and Sb.

7. A phase change memory device comprising:

a umt cell comprising a phase change resistor; an exo-
thermal resistor used to heat the phase change resistor;
and a heat-conducting insulator electrically msulating
the phase change resistor from the exothermal resistor
and having thermal conductivity;

a pair of program lines respectively connected to the both
ends of the exothermal resistor of the unit cell, each of
the program lines comprising a selection transistor for
selecting the exothermal resistor; and

a pair of read lines respectively connected to the both ends
of the phase change resistor, each of the read lines
comprising a selection transistor for selecting the phase
change resistor.

8. The phase change memory device of claim 7, wherein
the umt cell turther comprises a heat-conducting insulator
which electrically 1nsulates the phase change resistor from
the exothermal resistor and has thermal conductivity so that
heat generated by the exothermal resistor 1s transferred to
the phase change resistor.
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9. The phase change memory device of claim 8, wherein
the heat-conducting insulator comprises an aluminium
nitride (AIN).

10. The phase change memory device of claim 7, wherein
the pair of program lines are connected to a program power
source and a ground unit, respectively, and the pair of read
lines are connected to a read voltage and a ground unit,
respectively.

11. The phase change memory device of claim 7, wherein
the pair of program lines are connected to an erase power
source and a ground unit, respectively, and the pair of read
lines are connected to a read voltage and a ground unat,
respectively.

12. The phase change memory device of claim 7, wherein
the phase change resistor comprises a compound containing
Ge, Te and Sb.

13. A method of operating the phase change memory
device of claim 1, the method comprising:

programming one of the unit cells comprising:

applying a program voltage to one end of the exother-
mal resistor of the one of the unit cells; and

connecting the other end of the exothermal resistor of
the one of the unit cells to a ground unit;

reading one of the unit cells comprising:

applying a read voltage to one end of the phase change
resistor of the one of the unit cells; and

connecting the other end of the phase change resistor of
the one of the unit cells to a ground unit; and

erasing one of the unit cells comprising:
applying an erase voltage to one end of the exothermal
resistor of the one of the unit cells; and
connecting the other end of the exothermal resistor of
the one of the unit cells to a ground unit.
14. The method of claim 13, wherein the programming of
the one of the unit cells further comprises:
turning on the first row selection transistor of the program
bit line connected to the one of the unit cells; and

turning on the first column selection transistor of the
program word line connected to the one of the umt
cells.

15. The method of claim 13, wherein the reading of the
one of the unit cells further comprises:

turning on the second row selection transistor of the read

bit line connected to the one of the unit cells; and
turning on the first column selection transistor of the read
word line connected to the one of the unmit cells.
16. The method of claim 13, wherein the erasing of the
one of the unit cells further comprises:
turning on the first row selection transistor of the program
bit line connected to the one of the unit cells; and

turning on the first column selection transistor of the
program word line connected to the one of the umt
cells.
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